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ABSTRACT 
Seven se ts  of p a r a l l e l  R 6 D p r o j e c t s  i n v o l v i n g  15 labora- 
t o r i e s  a re  examined. Dzta gathered by S o l u t i o n  Development Re- 
cords--a form which prov ides a weekly es t imate  o f  t h e  p r o b a b i l i t y  
of adopt ion of t h e  approaches under cons ide ra t i on  as poss ib le  
s o l u t i o n s  t o  a techn ica l  problem--and pos t -p ro jec t  i n te rv iews  w i t h  
t h e  engineers respons ib le  for  each problem. The sources of  tech-  
n i c a l  approaches, ind ica ted  on t h e  S o l u t i o n  Development Records, 
were obta ined du r ing  t h e  pos t -p ro jec t  in te rv iews.  E i g h t  pos- 
s i b l e  sources of ideas a re  considered. 
B e t t e r  per forming groups a re  found t o  r e l y  more than poorer  
performers upon in fo rmat ion  sources w i t h i n  t h e  laboratory ,  f o r  gener- .  
a t i o n  o f  ideas. 
q u a l i t y  of ideas generated through t h e  e i g h t  channels and t h e  f r e -  
quency w i t h  which these channels a re  used by engineers.  Vendors 
and ana lys i s  and experimentation, by t h e  engineer h imsel f ,  appear 
t o  be o v e r - u t i l i z e d  r e l a t i v e  t o  t h e i r  e f fec t i veness  as idea sources, 
w h i l e  in fo rmat ion  a v a i l a b l e  from o t h e r  company research programs 
and from t h e  l ab ’ s  techn ica l  s t a f f  i s  under -u t i l i zed .  
A ser ious  misalignment appears t o  e x i s t  between t h e  
n 
t i o n s  t o  R h 
p a r a l l e l  R h 
T o  ass i  
D p r o j e c t s '  which has been underway over t h e  l a s t  
D problems; i t  i s  based upon data gathered i n  a study o f  
two years. 
t i n  o b t a i n i n g  a performance eva lua t ion  f o r  speci 
t i o n  channels instances were sought ou t  i n  which t h e  same prob 
tempted by two or more research groups. I n  th i - s  way, a compar 
i c  informa- 
em i s  a t -  
son can be 
made between t h e  in format ion sources leading t o  s p e c i f i c  s o l u t i o n s .  The 
f a i r l y  common p r a c t i c e  o f  t h e  Department o f  Defense and t h e  N.A.S.A.  t o  
award p a r a l l e l  study c o n t r a c t s  dur ing t h e  e a r l y  phases of R & D prov ides 
an o p p o r t u n i t y  for  c o n t r o l  over t h e  e f f e c t  o f  v a r i a t i o n s  i n  t h e  problem 
substance. The data presented are  from seven p a r a l l e l  c o n t r a c t s  i n v o l v i n g  
15 R h D groups. 
METHODS 
Once a p a r a l l e l  p r o j e c t  has been located, i t s  work statement i s  ob- 
t a i n e d  and analyzed and fac to red  i n t o  a reasonable number of subproblem 
areas (genera l l y  subsystems). The breakdown i s  then checked w i t h  t h e  
t e c h n i c a l  person who prepared t h e  work statement, and data c o l l e c t i o n  forms 
based upon it a r e  designed, A f t e r  a l l  data have been c o l l e c t e d  from t h e  
cont rac tors ,  t h e  t e c h n i c a l  moni tor  i s  r e v i s i t e d  and asked t o  p rov ide  a con- 
I 
The idea of s tudy ing p a r a l l e l  R:h D p r o j e c t s  as a quasi-experimental 
S i t u a t i o n  was suggested by Donald Marquis, who a l s o  helped i n  developing 
some of t h e  research procedures. 
The t o p i c  of t h i s  conference q u i t e  n a t u r a l l y  d i r e c t s  one's a t t e n t i o n  
t o  t h e  process of in format ion t r a n s f e r  - t h e  generat ion,  storage, sum- 
m a r i z a t i o n  and r e t r i e v a l  of t h e  ideas and data of science and techno- 
logy. In fo rmat ion  i s  both t h e  raw m a t e r i a l  and t h e  p r i n c i p a l  product  
of research and development, and as raw m a t e r i a l ,  t e c h n i c a l  in fo rmat ion  
i s  c e r t a i n l y  one of t h e  key determinants of research program e f f e c t i v e -  
ness. A s  a r e s u l t ,  a s u b s t a n t i a l  e f f o r t  has, i n  recent  years, gone i n t o  
t h e  development o f  improved methods and systems t o  p rov ide  t h e  researcher 
w i t h  t h e  in fo rmat ion  he requ i res .  Progress i n  t h i s  d i r e c t i o n  i s  depen- 
dent, however, upon our  knowledge of  t h e  t y p e  and form of t h e  informa- 
t i o n  needed; t h e  exact  f u n c t i o n s  f o r  which it i s  t o  be used; t h e  mech- 
anisms now a v a i l a b l e  f o r  performing these func t ions ;  and t h e  inadequacies 
i n  t h e  e x i s t i n g  communication systems' performance for  each f u n c t i o n  
(Menze I, 1962). 
The present  paper considers the performance of t h e  e x i s t i n g  t e c h n i -  
c a l  communication system i n  meeting one of i t s  p r i n c i p a l  func t ions :  t h e  
genera t ion  of t e c h n i c a l  a l t e r n a t i v e s  for  cons idera t ion  as p o t e n t i a l  solu- 
1 .  - f i d e n t i a l  eva lua t i on  of each l a b ' s  performance on each subproblem. Data a r e  
gathered by f o u r  means: ! I )  t ime a l l o c a t i o n  forms, i n d i c a t i n g  the  amount 
of t ime  each engineer spends on t h e  job i n  several  a c t i v i t y  categor ies;  (2)  
before and a f t e r  in te rv iews v!ith t h e  i n d i v i d u a l  engineers; ( 3 )  p e r i o d i c  tape 
recorded progress repo r t s  by t h e  p r o j e c t  manager; and ( 4 )  s o l u t i o n  development 
records.  
Pos t -p ro jec t  in terv iaws,  supported w i t h  t h e  char ted S o l u t i o n  Development 
Rccord, a r e  t h e  p r i n c i p a l  source o f  t he  data here under cons idera t ion .  The 
S o l u t i o n  0-velopment R-cord i s  a rebearch tool which prov ides a record  over  
t ime  of  t h e  progress o f  an i nd i v idua l  engineer o r  group o f  engineers ( o r  
s c i e n t i s t s )  toward t h e  s o l u t i o n  of a t echn ica l  problem. The lead engineer 
respons ib le  for each subproblem i s  asked t o  p rov ide  a weekly est imate,  for  
each a l t e r n a t i v e  approach under considerat ion,  o f  t h e  probab I i t y  t h a t  it 
w i l l  be f i n a l l y  chosen as t h e  s o l u t i o n  t o  t h a t  subproblem. 
F igu re  I i l l u s t r a t e s  t h e  l i s t i n g  of a l t e r n a t i v e  approaches i d e n t i f i e d  from 
t h e  c o n t r a c t  work statement, when 50 spec i f i ed ,  and f r o m  t h e  respons ib le  engineer 
when he i s  in terv iewed p r i o r  t o  beginning t h e  task .  Blank spaces a re  always 
prov ided so t h a t  new approaches may be repor ted  as they  a r i s e .  I f a t  some 
p o i n t  i n  t h e  design t h e  respondent were cons ider ing  two t e c h n i c a l  approaches 
t o  rendezvous a t  Uranus, and he were complete ly  uncommitted between t h e  two, 
he would c i r c l e  0.5 for each, as shown. Even tua l l y  as t h e  s o l u t i o n  progresses, 
one a l t e r n a t i v e  w i l l  a t t a i n  a 1.0 p r o b a b i l i t y  and t h e  o the rs  w i l l  become zero. 
By p l o t t i n g  t h e  p r o b a b i l i t i e s  over  t ime, we o b t a i n  a g raph ic  record of t h e  
S o l u t i o n  h i s t o r y .  
v .  FIGURE I 
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Solution Development Record 
Manned Uranus Landing i n  an Ear l y  Time Period Study 
General Unlted Aerospace Corporation 
Name Qat@ 
Est i m t o  of.. ProbaB i I i t y  t h a t  'A I t e r n a t  Ive w i I I 
bo Employed 
Subproblem #I :  Method of 
rendezvous a t  Uranus 
A l t e r n a t i v e  approaches: 
o r b i t a l  rendezvous mission 0 0.1 0.2 em3 0.4 0 0 a a  oe7 0.0 0.9 I e o  
wi th  excursion vehic le  
orbi t a  I rendezvous m i  ssion 0 0.1 Om2 0.3 0.4 Om5 0.6 Om7 0.0 0.9 1.0 
without excursion vehic le  
d i r e c t  mission 0 0.1 +002 0.5 Om4 0 0.6 0.7 0.0 0.9 1.0 
0 Om I 0.3 0.4 0.5 0 06 Om7 Om8 0.9 1 *o 
Subproblem #2: Design of t h e  
e l e c t r i c a l  power supply subsystem 
for  the  space vehic le  
A I t e r n a t  i ve approaches: 
e 
hydrogen-oxygen 0 0.1 0.2 Om3 0.4 0.5 Om7 0.8 Om9 1.0 
f u e l  c e l l  
KOH f u e l  c e l l  
Rankine cyc le  
Rankine cycle 
Brayton cyc I e 
0 0.1 0.2 a 0.4 0.5 0.6 0.7 ' 0 . 8  0.9 1.0 
fas t  reactor 0 0.1 Om2 Om3 0.4 Om5 0.6 0.7 0.8 Om9 1.0 
thermal reactor 0 0.1 0.2 0.3 0.4. Oms Om6 Om7 0.8 Om9 1.0 
reactor 0 CS;, 0.2 Om3 0.4 Om5 Om6 ,007 Oe0 Om9 1.0 
0 Om1 0.2 0.3 0.4 Om5 O e 6  0.7 0.8 0.9 1.0 
0 0.1 Om2 Om3 Om4 0.5 Om6 Om7 0.8 0.9 1.0 
0 0.1 0.2 0 ; )  0.4 0.5 Om6 0.7 Om8 Om9 1.0 
0 
l -  
When t h e  p r o j e c t  i s  completed, each respondent i s  presented w i t h  a t ime-  
p l o t  of h i s  p r o b a b i l i t y  est imates,  and i s  in terv iewed a t  some length t o  de ter -  
mine causes and e f f e c t s  o f  design changes r e f l e c t e d  i n  t h i s  record.  The p l o t  
t hus  prov ides a s t imu lus  t o  t h e  man's memory and a s s i s t s  t h e  i n v e s t i g a t o r  i n  
ga ther ing  a d e t a i l e d  record of each p r o j e c t .  2 
D e s c r i p t i o n  o f  t he  Pro ject . :  
The seven p r o j e c t s  under considerat ion,  invo lved t h e  f o l l o w i n g  general 
prob I ems: 
1 .  The design o f  t h e  r e f l e c t o r  p o r t i o n  of a r a t h e r  la rge  and 
w i t h  space veh ic les  a t  very  g rea t  d is tances .  
2. The design o f  a veh ic le  and associated ins t rumenta t ion  t o  
roam t h e  lunar surface and gather  d e s c r i p t i v e  s c i e n t i f i c  data. 
3 .  An i n v e s t i g a t i o n  o f  passive methods f o r  t r a n s f e r  of modulat ion 
between two coherent l i g h t  beams. 
A p r e l i m i n a r y  design of  an e a r t h - o r b i t i n g  space s t a t i o n .  4. 
5. The design of a deep space probe, and approp r ia te  instrumenta- 
t i o n .  
6. The p r e l i m i n a r y  design of an i n t e r p l a n e t a r y  space veh ic le .  
7. The p r e l i m i n a r y  design of a specid(-purpose manned spacecraf t  
for  c i s l u n a r  missions. 
2 
S o l u t i o n  Development Records were n o t  obta ined o r  were of poor q u a l i t y  
for  two of the  seven p r o j e c t s ,  In these instances, engineers were asked 
t o  recap, as bes t  they  could, t h e i r  s o l u t i o n  process, i n c l u d i n g  a l l  t echn ica l  
approaches considered, 
development p l o t  p rov ides  t o  t h e  man's memory, some considered approaches may 
w e l l  have been missed. Whi le t h i s  reduces t h e  s i z e  of t h e  sample, it should 
n o t  b i a s  it toward o r  away from s p e c i f i c  channels. 
Without the b e n e f i t  of t h e  s t imu lus  which t h e  s o l u t i o n  
Functions. Channels and Messaqes 
While the technical communication system performs many functions for 
the engineer, the focus here w i l l  be on one: that of generating technical 
alternatives to the solution of R d D problems. Eight channels from which 
such alternatives can be obtained are considered (Table I). In addition 
to the six channels external to the engineering group, two sources of ideas 
(analysis and experimentation and personal experience), which are internal 
to the group are included in the analysis. 
The unit of analysis employed is "messages received" (Menzel, 1960, 
pp. 20-22). In other words, the suggestion of a potential solution to the 
problem is considered a message received. 
will result from messages received from several channels; for example, 
reference in the trade literature might lead the engineer to a vendor who 
provides more complete information on the alternative. In such a situation, 
where several channels contribute to a single alternative, credit is given to 
each source. Sources of alternatives were sought out in the post-project in- 
terviews, and the tape-recorded transcriptions of these interviews were coded 
to indicate channels through which each alternative was generated. 
of 482 technical alternatives resulted from 610 messages received; 179 of 
these messages were finally accepted resulting in 117 problem solutions. 
Quite often a single alternative 
3 
A total 
3 
An inter-coder reliability of 80% perfect agreement was obta,'nned for a 
sample of the transcriptions. 
I 
TABLE I 
In format ion Channels Considered i n  t h e  Study 
l i t e r a t u r e :  
vendors : 
customer: 
ex te rna  I 
sources: 
techn i ca I 
s t a f f  : 
company research: 
persona I 
exper ience: 
a n a l y s i s  and 
exper imentat ion:  
books, profess ional ,  t e c h n i c a l  and t r a d e  journals ,  
and o t h e r  p u b l i c l y  access ib le  w r i t t e n  m a t e r i a l .  
representat ives o f ,  o r  documentation generated by, 
s u p p l i e r s  or p o t e n t i a l  s u p p l i e r s  of design c m -  
ponents. 
representa t ives  of, or documentation generated by, 
t h e  government agency f o r  which t h e  p r o j e c t  i s  
performed. 
sources ou ts ide  t h e  labora tory  which do n o t  f a l l  
i n t o  any of t h e  above t h r e e  categor ies,  
inc lude paid and unpaid consu l tan ts  and represen- 
t a t i v e s  of government agencies o t h e r  than t h e  cus- 
tomer agency. 
These 
engineers and s c i e n t i s t s  i n  t h e  labora tory  who are  
n o t  assigned d i r e c t l y  t o  t h e  p r o j e c t  being con- 
s i dered . 
any o t h e r  p r o j e c t  performed p r e v i o u s l y  or s imul-  
taneously  i n  t h e  lab regard less o f  i t s  source of 
fund i ng. 
ideas which were used p r e v i o u s l y  by t h e  engineer f o r  
s i m i l a r  problems a r e  a r e  r e c a l l e d  d i r e c t l y  from 
memory. 
ideas which a r e  t h e  r e s u l t  o f  an engineer ing ana- 
l y s i s ,  t e s t  o r  experiment w i t h  no immediate input  
of in format ion from any o t h e r  source. 
-8 
RESULTS 
An example of a s o l u t i o n  development p l o t  i s  shown i n  F i g u r e  2. I n  
t h i s  instance, each group considered f i v e  a l t e r n a t i v e  approaches t o  t h e  
problem. 
t h e  s t a r t  o f  t h e  cont rac t .  
course of t h e  p r o j e c t .  
t h e  engineer on problems of a s i m i l a r  nature, and t h e  a s s o c i a t i o n  of t h i s  
problem w i t h  t h e  former ones brought t h e  idea o u t  of memory. 
was suggested by a paper which a col league had heard presented a t  a SA€ 
meeting. 
t r a d e  l i t e r a t u r e  and vendors. 
Three of these (d, (3 and r) were s p e c i f i e d  by t h e  customer a t  
Two were generated by each team d u r i n g  t h e  
I n  team A approach b had been p r e v i o u s l y  used by 
Approach t5 
F u r t h e r  d e t a i l s  on t h i s  approach were obta ined through The 
I n  team B an engineer, thumbing through a co l league 's  re ference f i l e  
of c l i p p i n g s  from t r a d e  journals ,  ran across an i tem which suggested ap- 
p r o a c h I  t o  him. 
cur red  t o  him as a p o s s i b i l i t y  for  t h i s  p a r t i c u l a r  a p p l i c a t i o n  u n t i l  h i s  
memory was j o l t e d  by t h e  t r a d e  journa l  c l i p p i n g .  F o r t u i t o u s  contac t  with 
t h e  r e p r e s e n t a t i v e  of a vendor f i r m  suggested approach 
t a t i v e  happened t o  v i s i t  a man i n  another department who knew o f  t h e  en- 
g i n e e r ' s  problem and suggested t h a t  t h e  vendor c o n t a c t  him. 
manner, a l t e r n a t i v e s  considered i n  o t h e r  subproblems a r e  a t t r i b u t e d  t o  t h e  
in fo rmat ion  channels whence they  or ig ina ted .  
He had empjoyed t h i s  approach before b u t  it had n o t  oc- 
. Th is  represen- 
In a s i m i l a r  
The a l t e r n a t i v e s  a r e  evaluated a t  two l e v e l s .  A t  t h e  f i r s t  leve l ,  t h e  
TABLE I I 
Messages Received and Messages Accepted by R b D Engineers 
as a Funct ion o f  ln fcrmat ion Channel 
channe I me s sage s messages acceptance 
rece i ved accepted r a t i o  
a, I i t e r a t u r e  45 
7 J >  .- L 
O e x t e r n a l  sources 50 % $  
O k  
U cn a vendors 
- 0  
(u -  - 
c 
D E  
r t  
c a, customers 
80 
99 
0.31 
0.48 
0.31 
0.23 
t e c h n i c a l  s t a f f  27 
23 
o a n a l y s i s  and I64 
a,> 
7 J L  
c n t  
cKJ 
e- L 
m a  
a,- 
C 
ea, 
T t  
V 
.- o company research 
- D exper imentat ion 
D r personal exper ience 50 
13 
13 
47 
15 
0.48 
0.57 
0.29 
0.30 
unknown 72 5 
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engineer h imsel f  decides upon one of severa 
t o  t h e  subproblem; he thus  evaluates t h i s  a t e r n a t i v e  as p r e f e r a b l e  t o  t h e  
o t h e r s  under considerat ion.  A t  a second level ,  for  a t  l e a s t  some of t h e  
subproblems, a r e l a t i v e  eva lua t ion  by t h e  customer of t h e  s o l u t i o n s  reached 
by t h e  two or t h r e e  research groups on each problem i s  a v a i l a b l e .  So, for 
each problem, two o r  t h r e e  a l t e r n a t i v e s  a r e  f i r s t  chosen over  a l l  o t h e r s  by 
t h e  R h D groups and then these two o r  t h r e e  a r e  evaluated r e l a t i v e  t o  each 
o t h e r  by t h e  government t e c h n i c a l  representat ive.  Piorking backward t o  t h e  
sources o f  t h e  a l t e r n a t i v e s  provides two measures of performance for t h e  in-  
fo rmat ion  channels. 
p o s s i b i l i t i e s  as t h e  bes t  s o l u t i o n  . .  
Acceptance bv t h e  Enaineer 
Table I I  shows t o t a l  frequency counts f o r  messages received and accepted 
from each of t h e  e i g h t  channels. Saventy-two a l t e r n a t i v e s  could n o t  be a t -  
t r i b u t e d  t o  a channel, e i t h e r  through t h e  u n a v a i l a b i l i t y  for  i n t e r v i e w  
of t h e  knowledgeable engineer, or through f a i l u r e  t o  o b t a i n  t h i s  informa- 
t i o n  d u r i n g  t h e  in te rv iew.  
These data show q u i t e  a d i v e r s i t y  i n  both r e l a t i v e  use and p e r f o r -  
mance o f  t h e  e i g h t  channels. A chi-square t e s t  performed on accepted and 
r e j e c t e d  ( t o t a  I -accepted 1 messages shows a s i g n  i f i cant  (X' - 20; p<O.OI 1 4 
nd r e j e c t i o n s  among channels. d i f f e r e n c e  i n  t h e  a l l o c a t i o n  of  acceptances 
4 
A l t e r n a t i v e s  o f  unknown o r i g i n  a r e  e x t  uded . 
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Exte-na: sources t e c h n i c a i  s t a f f  and ccrnpany research supply a considerably  
g rea ter  number o f  acceptab!e approaches than would be expected by chance, 
w h i l e  t h e  apprcdches suggested by the customer, and those a r r i v e d  a t  through 
a n a f y s i s  or  exper imentat ion have a r e l a t i v e l y  low leve l  of acceptance. The 
d i s t r i b u t i o n  o f  acceptances and r e j e c t i o n s  among o t h e r  channels i s  r a t h e r  
c !  OSE t o  chance expect<??- i cn,  
I n t e r e s t i n g l y ,  t h e  acceptance r a t i o s  f o r  t h e  e i g h t  cbi.,noels a r e  inverse ly  
r e l a t e d  t o  t h e  degree t o  which t h e  channels a r e  used, 
have suggested frequency of use i t s e l f ,  3s an index of channel va ue, w i t h  
t h e  dssclmpt-im t h r t  a researcher 's  oehavior imp1 i c i t l y  recognizes qual i t y ,  
t h e  f i n d i n g  o f  an inverse r e l a t i o n  between frequency o f  use and t I S  f i r s t  
measure of channel performance i s  s u r p r i s l n g  and r a t h e r  impor tant ,  
Since some authors 
E v a i u a t i c n  by t h e  Customer 
F o r  ! 6  o f  t h e  63 subproblem pai rs ,  r e l a t i v e  evh lua t ions  
were obta ined frm responsib le  techn ica i  moni tors  i n  t h e  cus 
I n  t h e  remaining 47 pairs,, scores were e i t h e r  t i e d  or no eva 
a v a i l a b l e .  T h i s  r e l a t i v e  evaluat ion permi ts  a comparison of 
channe:s used t o  a r r i v e  a t  a so lu t ion  judged super io r  t o  t h e  
sented by o t h e r  teams. 
of t h e  s o l u t i o n s  
om2r agencies. 
ua t  ion was 
t h e  in fo rmat ion  
s o l u t i o n  pre- 
The hypothes is  t o  be t e s t e d  here i s  based upon t h e  f i n d i n g s  cf  A l l e n  
(1964) "or R 6 D proposal compet i t ions.  The use of in fo rmat ion  sources out-  
s i d e  af t h e  labora tdry  was found t o  be Tnverseiy r e l a t e d  t o  t h e  t e c h n i c a l  
q u a i i t y  of  proposals," wh: ' e  use of scurces w i t h i n  t h e  lab was weakiy bu t  
POS i t . ve: y r e i  a ted t o  qua I I t y  . The hypothesi  s p red i c t s  t h a t  poorer per- 
_ -  
TABLE I I I 
Sources of H i  gher and Lower Pa+ed So I u t  i m s  
( I 6  SvbprcSlcrn P T ' F S )  
i n format  i q n  
channe I 
subproblems w i t h  subproblems w i t h  
t i  i gber ra ted  lower ra ted  
so I u t i  ons so I u t i  ons 
a I i t e r a t u r e  
u >  
3 4 
*- L 
m c! ax te rna  I 
vendors 
S O u i C e S  2 
6 
6 
5 
a -  
C 
lux x t  
V 
a customer 12 I1 
>- t e c h n i c a l  s t a f f  
L 2 0  
.- company research 
Z k  
(D 
2 I 
I 
10 
3 
U 
m a  
a -  
- a n a l y s i s  & exper imentat ion l l  
C 
x t  
V 
(DE persona I exper ience 3 3 
unknown 2 4 
. .  . ,. . 
/. .. . . . .. . . , . . ,. . . . . . . -. . . . . . . 
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forming groups w i l l  r e l y  more heav i l y  upon sources ou ts ide  of t h e  lab, and 
b e t t e r  per forming groups more upon sources w i t h i n  t h e  lab.  
Table I l l  shows t h e  frequency d i s t r i b u t i o n s  for each channel of mes- 
sages leading t o  h ighe r  and lower ra ted s o l u t i o n s  t o  t h e  32 subproblems. 
Since expected frequencies i n  i nd i v idua l  c e l l s  a re  t o o  smal l  for  s t a t i s t i c a l  
t e s t ,  t h e  channels were aggregated i n t o  t h r e e  categor ies:  those w i th in  t h e  
lab, ( t echn ica l  s t a f f ,  company research, a n a l y s i s  ti exper imentat ion,  and 
personal  experience); those which are ou ts ide  of t h e  lab  ( l i t e r a t u r e ,  ex- 
t e r n a l  sources, and vendors); and the customer. (Table I V )  
5 
TABLE I V  
Sources of Higher  and Lower Rated So lu t i ons  
(16 Subproblem Pairs;  Channels Combined) 
number of number o f  
h igher  ra ted  I ower ra ted  
so lu t i ons  so I u t i  ons 
channe I s ou ts ide  
of  t h e  labora tory  
(L + ES + V )  
channe I s n i  t h  i n 
t h e  I a bora tory  
(TS + CR + A/E + PE) 
customer 
I I  
~. 
15 
19 
12 
15 
I I  
5 
The customer i s  t r e a t e d  as a separate category s ince he i s  ob l i ged  t o  
p r o v i d e  in fo rmat ion  t o  both teams i m p a r t i a l l y .  
TABLE V 
Compar i son o f  S a r c e s  of A I 1 T, chn i ca I A I t e r n a t  i ves Considered 
by Groups Submi t t ing  So lu t i ons  Receiv ing 
Higher and Lower Rat ings 
(16 Subproblem P a i r s )  
i n f ormat i on 
channe I 
higher ra ted  sub- lower r a t e d  sub- 
problem s o l u t i o n s  problem s o l u t i o n s  
Q, I i l-erature 
?.  .~ 
0 2  
5 e x t e r n a l  sources 
=Jt 
m o  vendors 
-a 
Q , l u  c -  
t c u s t ome r 
4 6 
2 
a 
27 
i o  
12 
29 
l-echn i ca I s t a f f  
ccmpany research 
= _  
I- .- 
E L  
3- t 
3lu 
L 
3 
4 
z 2 a n a l y s i s  exper imentat ion 32 
a m  
s -  
S personal  exper ience E!!? 
L L  
v t  
2 
23 
3 
unknown 3 6 
,... . ..,< . .,. . . ,  .. .... ...... , .  . . . . . . . . . . . . . . . . 
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While t h e  t rend  i s  i n  t h e  p red ic ted  d i r e c t i o n ,  a chi-square t e s t  shows t h e  
d i f f e r e n c e  i n  performance of t h e  aggregate channels t o  f a l l  s h o r t  o f  s t a t i s -  
t i c a l  s i g n i f i c a n c e  (X2 = 1.15, p>0.50). 
Al though no s t rong conclus ions can be reached concerning the  d i r e c t  
sources of t h e  s o l u t i o n s  submit ted by t h e  b e t t e r  and poorer  per fo rming  
research teams, t h e r e  i s  a p o s s i b i l i t y  t h a t  s i g n i f i c a n t  d i f f e r e n c e s  e x i s t  
i n  t h e i r  general  in format ion-gather ing behavior.  
To t e s t  t h i s ,  t h e  sources o f  a l l  a l t e r n a t i v e s  considered by teams 
submi t t i ng  h igher  and lower ra ted  so lu t i ons  a r e  tabu la ted  i n  Table V .  
Expected f requencies a re  again too low f o r  t e s t ,  so channels a r e  aggregated 
as be fo re  (Table V I ) .  A chi9square t e s t  r e j e c t s  t h e  n u l l  hypothes is  of 
no d i f f e r e n c e  a t  t h e  0.05 leve l  of s i g n i f i c a n c e  (X  = 8 .71 ) .  2 
o t h e r  persons ou ts  
use t h e i r  techn ica  
generated by o the r  
Poorer per forming teams r e l y  much more upon vendors, consu l tan ts  and 
de o f  t h e  laboratory  for  t h e i r  ideas. B e t t e r  per formers 
s t a f f  t o  a grea ter  ex ten t ;  p r o f i t  from in fo rma t ion  
research programs w i t h i n  t h e  company; and generate more 
f -  
r 
a l t e r n a t i v e s  through t h e i r  own ana lys i s  and exper imentat ion.  The two d 
f e r  l i t t l e  i n  t h e i r  use of t h e  l i t e r a t u r e  or  i n  t h e i r  r e l i a n c e  upon t h e  
own personal  experience. 
Channe I Rat i nqs 
Since a numerical  score ranging f r o m  I t o  5 was assigned each s o l u t i o n  
by t h e  techn ica l  evaluator ,  t h i s  score cou ld  be assigned t o  t h e  channels 
c TABLE V I  
Sources of A l l  Technical A l te rnat ives  Considered by Groups 
Submitt ing Higher and Lower Rated Solut ions 
(16 Subproblem P a i r s ;  Channels Combined) 
subproblems wi th  subproblems wi th  
h i gher ra ted  
so I u t  i ons 
lower r a t e d  
so I u t  i on s 
channels outside 
of t h e  laboratory 
(L + ES + V )  
channels w i t h i n  
t h e  labcratory 
(TS + CR + A/E + PE) 
customer 
14 
41 
27 
28 
28 
29 
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whence each s o l u t i o n  o r ig ina ted ,  and mean r a t i n g s  der ived  for t h e  channels. 
To c o n t r o l  for  d i f fe rences  among evaluators,  each e v a l u a t o r ' s  scores were 
normal ized on t h e  bas is  of t h e  rank given each channel. Ranks were then 
weighted by t h e  number of observat ions on which they  were based and mean 
ranks computed f o r  each channel across a l l  eva lua tors .  
6 
The rank ing  o f  in fo rmat ion  channels, t hus  der ived, i s  shown i n  Table V I I .  
TABLE V I  I 
Rank Order ing o f  In format ion Channels on t h e  
 BE.^ i s of Nurncr i ca I Evau l a t  ion of 
So I u t  i on s 
1 .  
2.  
3. 
4. 
5. 
6. 
7. 
8. 
company research 
techn ica l  s t a f f  
personal exper ience 
c u s tome r 
I i t e r a t u r e  
vendors 
ex te rna l  sources 
ana lys i s  b exper imentat ion 
DISCUSSION 
The r e s u l t s  i n d i c a t e  a r a t h e r  ser ious rc isal ignment i n  t h e  use of i n f o r -  
mat ion channels by R b D personnel. There i s  apparent ly  a subs tan t i a l  var-  
i a t i o n  i n  t h e  e f f e c t i v e n e s s  o f  in fo rmat ion  channels, as measured a t  two 
6 
Since no eva lua tor  prov ided scores f o r  a l l  channels, a measure of 
agreement or concordance among eva lua tors  was n o t  der ived .  
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leve ls ,  bu t  t h i s  e f f e c t i v e n e s s  i s  not recogn 
w i t h  which t h e  channels a r e  used. Table V I 1  
zed and r e f l e c t e d  i n  t h e  frequency 
i l l u s t r a t e s  t h i s  p o i n t  w i t h  a 
rank o r d e r i n g  of channels on +he basis o f  t h e  t h r e e  measures used i n  t h e  
study (message acceptance r a t e  by the engineer, customer evaluat ion,  and 
r e l a t i v e  use of t h e  channel).  
TABLE V I  I I 
Rank Order ing of In format ion Channels 
on t h e  Basis o f  Three Performance Measures 
Message acceptance r a t e  Customer eva I u a t  i on Frequency o f  
by t h e  engineer of  s o l u t i o n s  use 
I .  
2. 
3 .  
4 .  
5. 
6. 
7. 
8. 
company research 
t e c h n i c a l  s t a f f  
e x t e r n a l  sources 
personal  experience 
I i t e r a t u r e  
vendors 
a n a l y s i s  & exper imentat ion 
customer 
- 
company research* 
techn i ca I s t a f f  * 
persona I exper i ence 
customer 
I i t e r a t u r e  
vendors 
ex terna l  sources 
ana lys is  & exper imentat ion 
a n a l y s i s  d, exper imentat ion 
customer 
vendors 
personal exper ience 
ex terna l  sources 
l i t e r a t u r e  
t e c h n i c a l  s t a f f  
company research 
*t i ed 
Aside from t h e  placement of two channels, t h e  
are  remarkably s i m i l a r .  Even t h e  two e v a l u a t i o n s  
p l a u s i b l e  d 
h i g h e r  than 
engineer and customer 
xcept ions a r e  q u i t e  
f ferences.  The customer tends t o  r a t e  h i s  own ideas considerab 
does t h e  engineer. And engineers apparent ly  o v e r r a t e  ideas 
Y 
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o r i g i n a t e d  by exterr?s l  sources. 
he q u i t e  l i k e ' y  tends t o  overest imate t h e  c o n s u l t a n t ' s  competence i n  t h e  
area and, as a r e s u l t  dces no t  exerc ise s u f f i c i e n t  skept ic ism i n  assessing 
t h e  idea.  P!ith t h e  cus icmer 's  r a t i n g  o f  h i s  own ideas d isregarded.  t h e  Spear- 
man rank o rde r  c o r r e l a t i o n  ( rs )  between t h e  two l e v e l s  o f  eva lua t i on  for  t h e  
remaining seven channels i s  0.83 ( p  = 0 , O i ; .  
!\'hen an engineer r e s o r t s  t o  a consul tant ,  
Frequency o f  use, however, seems -1-0 run d i r e c t l y  oppos i te  t o  both o f  
these r a t i n g s .  
use shoNs an almost p e r f e c t  reverse order ing;  i n  comparing customer eva lua t i on  
w i t h  channel usage, rS = -0.67 \p<O 0 5 ) .  
o t h e r  appears t o  r e s u : t  f r c q  somc f ea tu re  o the r  than i t s  a c t u a l  usefu lness.  
T h i s  o t h e r  f e a t u r e  may we l l  be, as Ackoff  and Ha lbe r t  (1958) found,. t h e  
a r c e s s i b i  i t y  of t h e  channel. Fur ther  research i s  needed i n t o  t h e  causes of 
t h e  pre ference f w  p a r t i c u i a r  channels. 
As mentioned e a r i i e r ,  a ccmparison o f  acceptance r a t e  w i t h  
Freference for  one channei over  an- 
Comparing channeis on t h e  bas is  of t h e i r  use and t h e i r  c o n t r i b u t i o n  t o  
both performance measures; we f i n d  a n a i y s i s  and exper imentat ion and vendors 
t o  be c l e a r l y  o v e r - u t i i i z e d .  and techn ica l  s t a f f  and company research t o  be 
c I ea r  I y under--ut i i i zed, 
I T  i s  d i f f i c u  t t o  fathorn t h e  meaning behind t h e  apparent o v e r - u t i l i z a -  
t i o n  of a n a i y s i s  and exper 'mentatron Th is  i s  a f t e r  a l ; ,  what engineers 
a r e  p a i d  t o  do; and e a r l i e r  evidence (p.  1 0 j  showed t h a t  b e t t e r  per forming 
groups used t h i s  scurce more than pce3rer performers.  
a t t a i n e d  here Is a r e f l e c t i o n  on the  generai q u a i i t y  o f  t h e  a n a l y s i s  per- 
Perhaps t h e  low r a t i n g  
. 
* 
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L formed on t h e  seven p r o j e c t s .  With vendors, however, t h e r e  i s  a c l e a r  moral.  
C e r t a i n l y ,  good use can be made of in format ion obta ined through vendors. 
But i n  us ing vendors, i t  must be remembered t h a t  it i s  d i f f i c u l t  enough fo r  
p r o j e c t  engineers t o  understand t h e  customer 's needs and t h e  range of va lues he 
i s  w i l l i n g  t o  accept; vendors a re  one step f u r t h e r  removed and t h e  d i f f i c u l t y  
increases non- l inear ly .  
for  good engineer ing in-house. S p e c i f i c a t i o n s  must be drawn knowledgeably, 
and vendor a c t i v i t i e s  must be c l o s e l y  monitored i n  o rder  t o  assure proper 
use o f  t h e  in fo rmat ion  a v a i l a b l e  through t h i s  channel. The f a c t  t h a t  vendor 
acceptance r a t e  i s  low i s  evidence t h a t  the channel i s  used w i t h  some skep- 
t i c i s m ,  b u t  were t h e  vendors t o  be made more c l e a r l y  aware of what was de- 
s i r e d  of them, both t h e i r  acceptance r a t e  and customer e v a l u a t i o n  might be 
F i n d i n g  a vendor does n o t  dispense w i t h  t h e  need 
i mp roved. 
The under-ut i 
q u i t e  c l e a r l y  w i t h  
i z a t  ion o f  techn 
t h e  f i n d i n g  t h a t  
cat s t a f f  and company research agrees 
R h D groups submi t t ing  h igher  r a t e d  
s o l u t i o n s  r e l y  more heav i l y ,  than do t h e  poorer performers, upon sources 
w i t h i n  t h e  l a t o r a t o r y , .  T h i s  says q u i t e  a l o t  about t h e  b e n e f i t s  t o  be 
d e r i v e d  from and t h e  need f o r  improving t h e  communication f l o w  w i t h i n  t h e  
lab i t s e l f .  For  example, techn ica l  s t a f f  who are  knowledgeable i n  p a r t i -  
c u l a r  areas could be made more r e a d i l y  a v a i l a b l e  f o r  c o n s u l t i n g  by p r o j e c t  
members, and rewarded f o r  t h e  c o n t r i b u t i o n  which they make through t h i s  
t y p e  of a c t i v i t y .  The d i s t r i b u t i o n  of company documents r e s u l t i n g  from 
R A D programs and company-sponsored research could be improved. Perhaps 
as t h e  labora tory  f e e l s  t h a t  it has a t t a i n e d  a c e r t a i n  degree o f  competence 
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i n  an area, summary documentation could be prepared, p resent ing  t h e  s ta te -  
o f - the-ar t ,  t h e  na ture  of the  l ab ' s  c a p a b i l i t i e s  and t h e  names of key people 
who a r e  a v a i l a b l e  f o r  consu l t ing .  This  i s  f requen t l y  done f o r  p resen ta t i on  
t o  customer agencies, bu t  how o f t e n  i s  such documentation prepared s p e c i f i -  
c a l l y  f o r  in-house use? 
t u r e  c 
Most I 
(adver 
L i t e r a t u r e  does no t  appear t o  be g r e a t l y  used, nor  does t h i s  appear 
t o  be ou t  o f  l i n e  w i t h  t h e  eva lua t ion  of ideas obta ined from it. Perhaps 
t h e  most ou ts tand ing  r e s u l t  t o  be noted here i s  t h a t  very  few of t h e  l i t e r a -  
t a t i o n s  a r e  t o  t h e  profess ional  engineer ing o r  s c i e n t i f i c  l i t e r a t u r e .  
t e r a t u r e  references a r e  t o  t rade  p u b l i c a t i o n s  and f ree -subsc r ip t i on  
i s i ng-supported 1 techn i ca I rnagaz i nes. A r a t h e r  ser ious  prob I em may 
e x i s t  here, s ince  these p u b l i c a t i o n s  a r e  ou ts ide  t h e  c o n t r o l  o f  t h e  profes- 
s iona l  s o c i e t i e s  and a r e  open t o  the  tempta t ion  o f  d i s t o r t i o n  toward t h e  
products  o f  t h e i r  heavy adve r t i se rs .  
. 
CONCLUS IONS 
T h i s  study has demonstrated the  f e a s i b i l i t y  o f  a new technique for  
measuring t h e  performance of t h e  techn ica l  communication system and eval -  
u a t i n g  t h e  r e l a t i v e  performance o f  in fo rmat ion  channels. The technique 
employs t h e  v e h i c l e  of para1 le1 R & D p r o j e c t s  t o  p rov ide  a c o n t r o l  over  
7 
While t h e  f a c t  t h a t  engineers r e l y  l i t t l e  upon t h e  l i t e r a t u r e  w i I  I 
undoubtedly s u r p r i s e  some, i t  i s  a f i n d i n g  which i s  n o t  unique t o  t h i s  study. 
Canpare, f o r  example, S c o t t  and Wi l k ins  (1958) and t h e  r e p o r t  of t h e  O.E.E.C. 
(1958). 
. 
* 
4 
t 
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t h e  substance o f  t h e  problem and a r e l a t i v e  eva lua t i on  o f  s o l u t i o n s .  Data 
a r e  gathered by means o f  So lu t i on  Development Records and lengthy i n te rv iews  
w i t h  t h e  engineers.  The ideas considered f o r  s o l u t i o n  t o  each problem a re  
thus associated w i t h  t h e  channels whence they  came, and measures of performance 
a r e  generated for t h e  channels. 
The p r i n c i p a l  conc lus ions o f  the study are:  
1 .  B e t t e r  per forming groups r e l y  more than t h e  poorer  per formers upon sources 
w i t h i n  t h e  labora tory  ( the  techn ica l  s t a f f ,  o t h e r  company research pro- 
grams, and t h e i r  own ana lys i s  and exper imenta t ion)  as cont ras ted  w i t h  
sources ou ts ide  t h e  lab.  
2. There i s  a ser ious  misal ignment between t h e  q u a l i t y  of t h e  ideas generated 
through t h e  e i g h t  channels studied, and the frequency w i t h  which these 
channels a re  used by engineers.  
Based upon r e l a t i v e  acceptance of messages by t h e  design engineers and 
customer r a t i n g s  o f  t h e  accepted messages, it appears t h a t  such channels 
as  vendors, and ana lys i s  and exper imentat ion a r e  o v e r - u f i l i z e d  r e l a t i v e  
t o  t h e i r  e f f e c t i v e n e s s  and in fo rmat ion  from company research programs 
and exper ts  on t h e  techn ica l  s t a f f  a r e  u n d e r - u t i l i z e d .  
3 .  
4. L i t e r a t u r e  i s  n o t  g r e a t l y  used, and what i s  used cons is t s  p r i m a r i l y  of 
t r a d e  p u b l i c a t i o n s  r a t h e r  than pro fess iona l  j ou rna ls .  
t 
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